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ABSTRACT 


Micworebaviiity of hitting a target of radius ">" 
with "b" bombs is calculated and tabled for giver values of 
۰۰٣ ТРО system. For each CEP, "r" varies from 10 to 
100 meters and "b" varies from 1 to 6, 10, or 20 derending 
on the bomb load. These probabilities are compared graphically 
6o analyze the difference in hit probabilities for different 
drop release modes (single, cluster and ripple), different 
EN S: sizes, and different target location errors. 

Three TPQ-10's and three, two and one TPQ-27 are \ 
operated т шшр ет model or a Marine Amphibious Force 
Operation, statistics are gathered on the number of targets 
٣۰۰۰۰٠٦٦: each system and their relative effectiveness is 
53. ftt is concluded that under certain conditions 
two TPQ-27's can be at least as effective as three TPQ-10's 
and that in a few specific situations one TPQ-27 can perform 


Aspe ittectively as three TPQ-10's. 
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۷ئ ۰۰۰۰۱ 


Poa HISTORY 

erose Air Support of ground forces has been a primary 
0س‎ o1 Marine Corps Aviation ever since 1927, when the 
first air attack to be controlled by ground forces occurred 
τεσπα. During the Korean conflict the Marine Corps 
close air support capabilities were enhanced by the AN/MPQ-14 
conical scan tracking radar and DC analog computer, which 
gave the ground units all-weather air support. In 1960, a 
meena ceneracion unit, the Radar Course Directing Central 
AN/TPQ-10, was placed into the Marine Corps inventory and 
subsequently served throughout the Vietnam conflict. 

Pema femeracilon radar controlled bombing system, 
known as the Radar Course Directing Central AN/TPQ-27, has 
been developed by RCA ےس‎ and is currently undergoing 
operational evaluation at Camp Pendleton Marine Corps Base 
in Southern California. The TPQ-27 is presently scheduled 
LO 0.9.9 he TPQ-10 an Che Marine Coros inventory on a 


one for one basis upon its acceptance by the Marine Corps. 


0 INTENT OF STUDY 

The purpose of this thesis is to compare the new TPQ-27 
system and the old TPQ-10 system. The systems will be com- 
pared during their operation in the environment of a Marine 
Amphibious Force operation. Additionally, the probability 


ovina: a target under various TPQ system, target, and 





att parameters will be examined. Specifically, this 
IS will investigate: 

l. How do the TPQ-27 and the TPQ-10, in the same tac- 
Peeeimenvi~-onment, compare in effectiveness when the TPQ-27 
replaces the TPQ-10 one for one? 

2. Can the TPQ-27, in a Marine Amphibious Force sized 
Eserstion, replace the TPQ-10 on less than a one for one 
basis and obtain the same level of effectiveness? For 
example, can two TPQ-27's be at least as effective as 
Enree TPQ-lO0's? 

3. With a TPQ system, and a certain size target, what 
meee Probability, given. the TPQ system's CEP, that you 
will hit that target with at least one bomb? At least two 


memes: At least M bombs, where M varies from 1 to a maximum 


value equal to the number of bombs dropped? 


Se METHOD OF STUDY 

To compare the TPQ-27 system with the TPQ-10 system, 
each will be τ᾽ ΠΕ ΟΗΡΗ Simulation, in a computer 
model of the ground controlled radar bombing operations of 
a Marine 7×7] Force in a generalized tactical environ- 
ment. This model is based on the notional Marine Amphibious 
Force described in Ref. 1. The primary measure of effective- 
ness is the total number of targets hit. Statistical analysis 
of the results of the simulation is used to make the 
conclusions. 

506۲5٤ probabilities of hitting the target‏ ےب ت9 


with a TPQ system a computer simulation model of a 





TPQ-aircraft-target system was developed. The simulation 
invoives dropping nundreds of thousands of bombs over a 
wide range of target sizes (with and without target loca- 
Mon errors) and CEP's, to gather meaningful statistics. 
CEP functions for each system were derived from data in 
Ref. 2 and Ref. 3. Tables were generated to provide easy 
SS ro the probabilities and their respective confidence 
pounds. Values of these probabilities are tabled for: 

1, Cluster release (all bombs dropped together) 

2. Ripple release (each bomb released a fraction of a 

second apart) 

КОО Single е (one bomb released at a time) 

4. Cluster release with a target location error. 
These tables make for interesting comparisons between type 
drop and the probabilities of hitting a target, and also 
Me effect that an error in the location of the target can 


have on the probability of hitting the target and the change 


his effect as the CEP and the target size change. 





EXE ۰۱۶۱۱۷۰۸۰۸ ۰۱۰۰۱۰۲0۶ OF HIT PROEZBILITIES FOR TPQ SYSTEMS 


One of the questions that this thesis examines is what 
ΙΕ probabilities of hitting targets of various sizes 
Maen the ο ουσ Error Probable (CEP) of the system? To 
answer this question a model was made consisting of a TPQ 
System, an aircraft with an ordnance load of n bombs, and 
EN psevr of radius г. A FORTRAN computer program was then 
used to simulate the model on the computer and sufficient 
Statistics were accumulated to give the probabilities 


sought. 


A. THE MODEL 

The bomb dropping model consists of an aircraft which 
carries n 500 pound Mk 82 bombs, a TPQ system with known CEP 
@m@eracveristics, a target of radius r, and a target location 
EXP e. The aircraft has the capability to drop its ordnance 
in either the single, cluster, or the ripple mode. OSTNE 
single mode,. it drops one bomb at a time (one bomb per run), 
n es. In the cluster mode, the aircraft drops its entire 
bomb load simultaneously. In the ripple mode the bomber 
releases each bomb t seconds apart. The CEP of the radar 
System, and the ballistic dispersion characteristics of the 
bombs are used as parameters to randomly generate bomb impact 
points. The distance between the impact point and the true 
target center can then be compared to the target radius to 


determine, for each bomb, whether or not a hit occurred. 





in this model these outcomes are considered Bernoulli trials 
are Classified as "success" and "failure". A success 
Moma target nit and a failure is a miss. The probability 
Mere aitbvting tae target is then calculated using the results 
EN ese Bernoulli trials. 

Ie 51.4.2 shows the flow of the model. With inputs 
στρες lccazlon error, drop mode, and bomber altitude, 
EE UbS sre dropped b times for each probability sought. 

The output shows this probability and the confidence interval 
End =>, Probabilities of hitting a target of radius г 
DGA ш ог псге bombs are calculated where r ranges from 10 

moe lOO meters in 10 meter intervals, and п ranges from l 
Eun. the total number of bombs dropped. 

O Circular Error Probable (CEP) 

nn ес as the radius oi the circle centered 
at the mean (target center) which contains 50% of the bomt 
impact points. Page 29 of Ref. 4 shows that the CEP is 
med Cha bivariate normal distribution - the horizortal. 
EN ес оп аса the vertical, or range, positions from 
the ٢ ہے‎ center are independent and normally daio tributed.: 
It further shows the standard deviations of both range and 
deflection to be equal to the CEP divided by 1.1774. 

The CEP of the TPQ system can be divided into two 
components, system and ballistic. The ballistic component 
is caused by ballistic dispersion of the bomb from the time 
DL is released from the aircraft to the time it hits the 


ground. The system component of the CEP is a result of all 


NO 









target location error 
- drop mode 

- intervalometer setting 
- aircraft altitude 

- aircraft bomb load 

- initial CEP 

initial target radius 








Drop Bombs 
» and 
Gather Statistics 


output 
- probability of hitting 
target of radius r with 
m or more bombs 










Set target increase 










arget size NO 


target size 
by 10m 


size to 





initial value 







increase CEP CEP = YES 
by 10m Ms 







Figure II.A.1. Flow of Bomb Dropping Model 
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E ors other than ballistic. The bailistic and system 
Semponenvs will be referred to as ballistic CEP and system 
G and they can each be partitioned inte range and deflec- 
Fi components. It is assumed that the ballistic error 

and the system error are independent. This assumption is 
reasonabie considerirg that in this model all bomb releases 
mde from level flight at constant airspeed. Ballistic 
Bor 1S a function only of the trajectory through which 

the bomb falls. The trajectory of the Mk 82 bomb is tabled 
Ber, 5 as a function of release parameters, and the 
ballistic dispersion characteristics of the Mk 82 bomb are 
reported in Ref. 6. For the airspeed/altitude combination 
ENESOOKTAS/20000FT, & 200 foot altitude error and/or a 
EEUU error in airspeed, constitute deviations in release 
parameters of 1% and result in ballistic dispersion errors 
of less than 0.5%. It seems that for an aircraft under auto- 
vT TIENT control, airspeed or altitude errors as high 

as 1% could be considered excessive. In fact, errors in 
airspeed greater than 5 KTAS and in altitude greater than 
100 feet at 20000 feet were cause for disqualification of 
the bombing run in the TPQ-27 test plan. It is felt that 
such small errors have negligible effects on the trajectory 
and that therefore the assumption of independence is 
ified. It should be noted that the tables in Ref. 5 
assume an ejection velocity of zero and that this assumption 


therefore also applies to this model. 


Aal 





fit 4 «» E x کے دک‎ -- + 2 
Pee COmecrmen:y Ol CEF™cue со system error is the 
۹ 


ο char the pattern center, or mean point of impact (MPI) 


ME Dombs Groppeä Goes not coincide with the target center. 


O 


ENMLUNEPC were στο system error tren the only error would De 


Bei αστειο to ballistic dispersion. If a 


0" 


roup 
ο "ος 5 Cropped at precisely the correct release point 
Her a giver target then system error is zero and their impact 
ОООО С shoulc oe scatterec about That target according to 
ie Divaniate < mel Gistribution with mean equal to the 
set center ana standarc deviations in the range and 
۲۰۰۰۰٠-٦36 ٍ”" direction a Function of the ballistic CEP enc 
КООШ оу. us 32 the system error: is zero, then the 
Nana tre verses center will coincide. On the other hand, 
Bere were no dbeilistic cispersíon, oniy system error, 
ШОШ 211 ihe pombs released together woulc impact tne grour. 
me point - the WPI. 

p. Зайве Dispersion CEP 


The CEP Gue only to ball 


F^ 
u 
ct 
} ) 
O 
¡07 
pa 
u 
6 
(D 
τ 
nm 
үз 
O 
3 
|: 
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meee causes the bomb Impact vettern about the MPI. The 
memos are Gistributec ebout the MPI according to the Divari- 
Ae normal distribution. The range anû deflection standard 
Meviaticns are egual in the plene perpendicular to the 


. ادہ٤‏ ہ۳۰ 


1: 





EN -'cu'atrons Gr une Standard Deviations From CEP 
ουσ μα Deviation from Bailistic CEP 
Ref. 6 gives the CEP of ballistic dispersion, 
MPB), for the Mk 82 bomb as 2.9 mils in the plane normal 
LO the trajectory. This means that for every 1000 feet of 
trajectory, the bomb disperses in a circular normal fashion 
from the centerline of the trajectory with a CEP(B) of 2.9 
feet. This dispersion in terms of standard deviation from 
۳۰-۲٦٥ іп deflection, SDBD, is equal to CEP(B)/1.1774. 
The standard deviation from ballistics in range, SDBR, has 
the same value in the plane perpendicular to the trajectory 
1165 Όπε value of CEP(B)/(1.1774 x SIN w) when projected 
on the ΠΗ, Wiis the angle which the trajectory of the 


bomb makes with the ground. Thus, 


š . Ц 
' SDBD = Dre ο ο mals = 2-18 trajectory (feet) ] 


ООСО ере trajectory 
SDBR = ern = 1600 ^^ шу (feet). 


b. Standard Deviation from Total CEP 
unc rcu standard dewation in range, SDIR, and 


Bar total standard deviation in deflection, SDTID, are 


CES 
ed 


and, 
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m.‏ ا روہ 
+7 
Cope ovandard Deviation From System‏ 
Because the total range and deflection errors‏ 
are each mermallıy distributed about the mean, and the‏ 
ballistic and system range and deflection errors are also‏ 


normally distributed about their means, the system standard 


EN Cons can be calculated directly. 


SDTR = SDBR° + SDSR“ 
SDTD^ - SDBD^ 4 SDSD^ 
therefore, 
1 
SDSR = (SDTR° - SDBR®) 7 
1 ہے‎ 
SDSD - (SDTD^ - SDBD^)? 


B. Simulation of Dropping the Bombs 





Now that the standard deviations are known the bomb 
dropping simulation can be formulated. The first point to 
mend On the ground is the MPI. Since it is bivariate nor- 
mally distributed about the target with mean range = 0, 
mean deflection = 0, and standard deviations SDSR, SDSD, this 


Meinc can be generated as follows. 
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The target aimed at is the center (0,0), in a rectangul r 
coordinate system X,Y. The MPI is a point (X,Y) where 
X ~ N(0,SDSD), and Y - N(O,SDSR). A normal random number 
BEEN Lor iS used in tne computer program. If there is a 
target location error then the deflection error, XACT, and 
/or the range error, YACT, will be greater than zero and 
the MPI becomes (X-XACT,Y-YACT) relative to the true target. 
XACT and YACT are the X and Y distances between the real 
Erect center and the point thought to be the target center. 
The target, the MPI, and the bomb impact points are shown in 


me. II.A.2. 


1 





шае next step is to generate the same number ol 
۳۰۰۰۰۰٦۰: ۱30 points as the number of bombs dropped on this 
ο... τί there are N bombs dropped, then these points, 
(X1,Y1),, i = 1,N, are each generated with X1 ~ N(0,SDBD), 
Bad Yl ~ N(O,SDBR). Thus N bomb impact points are now 
ered about the origin. By adding X to each Xl and Y 
O cach Y1 the bomb impact points are translated to a new 
coordinate system parallel to the old one but with the MPI 
Eurer. The distance between each impact point and the 


КЫ агре center is now determined by 
1 
DIS = distance = ( (X-XACT+X1)°+(¥-YACT+Y1)°) ? 


where XACT and YACT are each equal to zero if there is no 
Meret location error. 

The only ehange necessary if the drop is made in 
the ripple mode is a range correction for each bomb. It is 
assumed that the ripple drop is made so that the center of 
the "stick" coincides with the target aimed at. This can be 
chown ο ου Yeesordinate in the MPI for each 
memo. This value of the Y coordinate for the nth bomb, call 


τοίη), 15, 


for N even, 


Yl2(n)=(Y+s-n)x(speed of aircraft )x(intervalometer time) 
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mor N odd, 
Y12(n)=(Y+1-n)x(speed of aircraft )x(intervalometer time) 
биеге N is the total number of bombs, ind 


,, 1,N. 


EE stance between bomb impact points and true target 
15 πε same as above except thas Y is replaced by Y12. 
4. Calculation of Results 

Шу дебегиле bhe probability ot hitting the target, 
With m bombs, n bombs are dropped on the target 100 times, 
where nis the total number of bombs carried by the aircraft. 
۲۰۰٢٣ Of the 100 trials, if m or more bombs hits within 
Lm Target radius, a success is scored. The total number 
ه۴۳۰‎ 585 зѕсогеа in the 100 trials divided by 100, the 
E number of trials, is, as shown in Ref. 7, an efficient 
unbiased estimator Б the τ. Of Shcecoesso n a single 


ESI. Thus 


a _ number of successes 
number of trials 


As shown on pp. 99-103 of Ref. 8, a confidence 


۲۰۰-۰٦۹ for p can be obtained as follows: 


E ss: 
s p(1-p) 
p + ی٣‎ ) 
2 
where W تج‎ en 1-5 percentage рол 6 
ү 
2 


stendard mermar distribucion. 


1 


i 





КО сл еа flowchart of the computer model is 


contained in Appendix A. A listing of the computer program 


l-J 


''' Oovided in Appendix 


ΠΕ ۵ 

The computer output “rom the simulation is presented in 
Μις. The cutput is in the form of tables which give 
E The probability of hitting e target of "M" meters radius 
with "B" or more bombs and a 95% confidence interval for 
probability. Individual tables present the results for 
rent CEP's, Gifferent release conditions (cluster, 
ripple, and single drcvs), different bomb loads, and differ- 
Baumes of target location error. All of the combinations 
ШОШ ес were tested against ten different target sizes. The 
target sizes utilized were 10, 20, 30, 40, 50, 60, 70, 80, 
End 100 meter radius targets. 

Mates... ana 11.B.2 indicate which combination 


٣۰٣ 176850606 5٤0 


were investigated in the simulation.. А 
۴۳۰۰۰۶۹۶٢1٥٥127 combination of factors was simulated. 

| nene data presented in Appendix C, three 
E ent types of graphs were constructed. The first type 
EE еа the probability or hitting a target of given size 
Pom one or more bombs vs. CEP for different values of 
target location error. These graphs are presented in Figures 
МКОС 1 со 11.8.4. The second type of graph plotted showed 


Mier orobability of hitting a target of given size with one 


or more bombs vs. CEP for different bomb loads. These graphs 
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EN resented in Figures II.B.5 to I1.B.8. The third type 
E TDN plotted the probability of hitting a target, of 
Beem) Size and with a given system CEP, with "N" or more 
bombs vs. "N" bombs for differen: delivery modes. Delivery 
EN 0u5ililzed were cluster drop. single drop, and ripple 
drop with the .10 second intervalometer setting. These 
Maps are presented as Figures II.B.9 to II.B.16. 
fie Analysis of Target Location Errors 

ine eraphs in Figures II.B.1 to II.B.4 show the 
Eu clon in the sensitivity of the objective function 
(hitting the target) to the degree of target location error. 
EN noted that as CEP increases the probability of hitting 
۲٣۰۰ агрес is sensitive to the degree of error in the location 
le target up to a certain point. 

tie smarter one target the more important target 
IN clon error is in effecting the probability of hitting 
target. But this effect is quickly damped out by tne 
mm@eecuracies caused by increasing CEP. As target size 
increases a larger and larger target location error is 
needed before degradation is seen; but once again increasing 
CEP eventually overwhelms the effect caused by location 
ST The importance of target location error is very 
dependent on two factors. f the CEP is large then target 
location error has less and less an effect on the probabillty 
@emsuccess. For the combination of large targets and large 


ME target location error is not a pertinent problem. 


کے 





EE Analysis of Bomb Load 

ШИШ Тариз in Figures 21.8.5 to I11.B.8 show the 
τος in the sensitivity of the objective function 
Mane the target) to the bomb load of the aircraft. 
۶۰-۳١15 are developed for cases in which the target 
Ion error was zero. Figure 11.B.5 shows that for a 10 
mer target and for small CEP's (less than 60 meters) that 
۳۰۰۰۰٦٠۰٦۹80111: 7 of success is a function of the bomb load. 
For example: for a CEP of 40 meters the probability of 
hitting the target with one or more bombs goes from .31 for 
ENEUEbomb load to .12 for a 6 bomb strike. Figures II.B.6, 
II.B.7 and II.B.8 show that as the target size increases 
meemerobability of hitting the target is not sensitive to 
۳۰۱٦ 1680 ۶۶ہ‎ the aircraft for ordnance deiivered in the 
clúster mode. The implication is that if you are striking 
a relatively soft target in which the number of bombs tnat 
fall within the specified distance from the target is of 
minimal importance -(for example: an unarmoured vehicle with 
a high sensitivity to fragments) then unless your system 
exhibits a small CEP and your target has a small "target 
radius" an aircraft which will deliver fewer bombs can be 
equally effective as an aircraft with a large bomb load. 

ὑπ ο οἱ throughout these graphs it is noted that 
if the CEP is increased then the probability of hitting the 
target decreases. It was initially felt that as target 
location error increased a point would be reached at which 


he larger CEP would give a higher probability of success 


2 





ουσ vie greater dispersion of the mean puint of impact 
about the aimpoint. However for the range of CEP's (30 to 
120 meters), the range of target sizes (10 > 100 meter 
Eus) and the range of target location errors (20 to 120 
meters.) investigated in this simulation no such effect was 
covered. 
۳۱۹17 of Delivery Moce 

ime plots presented in Figwees 11.8.9 to II.B.16 
nat for a given target size, for example - a target 
of radius 40 meters, the probability of hitting the target 
with "N" or more bombs is higher for low values of N when 
the single drop delivery mode is used. it is also noted 
that Гог small values of N that rippie drops provide as 
ENS result as cluster drops. it is further noted that 
im both cases as N increases the cluster mode of ordnance 
NEN егу becomes the best. The same general relationships 
Meeenwtound for (0 meter and 100 meter radius targets. 

Figures ІІ.В.11 αμα τω Presento tae DIOLS for a 
КООП СЕР (70 meters) and for varying target radii. It is 
noted ШО tacos be increases that the ripple mode of 
Operation compares more and more favorably to the cluster 
mode. The same remarks were seen to be true for the graphs 


for 100 meter CEP. 


H. General conclusions and comments concerning use of 


236٣63 σε 
The information presented in Figures II.B.1 to II.B.16 
٣۰۰٠٦۱360624 in Appendix C can be of use in a school situa- 


tion to help commanders determine just what is a reasonable 


25 





target to attack. A small hard target such as a bunker 

EE Eprove virtually impossib.e to destroy due to a high 

CBr associated with this target under certain conditions. 

The information tabulated will give the student a better 
ШОШО just how difficult a target is to destroy. The 
information could be used to determine an optimal allocation 
sources. Given a limited number of aircraft how should 
they be employed against a mixed bag of targets to maximize 
۳۰٣٠ء٥٥٤‎ number of targets damaged or destroyed. It 

was seen during the analysis of the data that often the 

Пее оғ bombs dropped. by the aircraft had little effect 

SS ether or not at least one bomb got within the designated 
radius of the target. Perhaps the tactic could be considered 
for analysis whereby an aircraft engaging a relatively soft 
target on a TPQ mission would only deliver half of its ord- ^ 
me against that target. Two missions could be executed 
Ine” One aircraft thereby possibly increasing the overall 
effectiveness of the aircrart. The analysis of the data 
also indicated that dropping the ordnance one at a time 
against targets vice in a cluster drop gives a better chance 
for successfully attacking the target under certain condi- 
tions. If the parameters of a tactical situation match 

the conditions under which single drops would be ο... 
f@eeit the tactical situation allows, then the optimal allo- 
cation of resources would be to employ strike aircraft in 


mae single drop mode of operation. 
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ΠΠ presented in Figures I1.8.1 to 17.8.4 
showed that target location error is an important problem 
ST Thal a more important problem is the inherent accuracies 
Of the system being utilized. The point is made that a 
۲۰۰٠۰۰ ٣٦4٥٤. system for accurately determining target 
location is valuable only up to a point. When the system 
pes the user with information that the user cannot 
EIN ἴδε due to inherent inaccuracies in another system 
U information is not worth the expenditure that went 
. Πἰαῖηίηρ it. 

burther studies could be made using this simulation 
to determine optimum methods of delivering ordnance against 


rent targets under other situations. 


ο. 





'τ'α τί sandy y 


' dad 





Ott 
Fe κο μον 
2 e @ © 
© Є 
O O . 
© 
05 v 
оп о 
ο ο 


(S4939U) πο113 UOTYJEDOT 433318], 


IOddo UOIjBOOI 1931892 JO SINTRA snoTdeA 101 ἀπο JO UOI 
-ounj 9? s? 4e9ej 000'O0Tl JO epnarare ue uogdj epou 1838Ὠτ9 
əu3 ит ѕашоа ‘ат οοσ-οτ sutddoup ueuM ѕашода әлош Jo euo 
u4TM snipea sdej3eU QT JO 493183 € 3UTI94TUY JO ÁJTTTARQOLA 





(LIH)d 





+112٣ 


(S1939U) аяд 


ΠΤ OCT 06 08 04 09 ος Ot oE 
ο ο cc epe ق د‎ EN 
= | 
D 
A Y У = X : Ç 
Y Ὁ Γη 7 ۷ 
O ο 8 © 
© © 
© 
O © 
ΓΙ 
08 v | O 
or © 
ο ο 


(S13I9) 10114 UO0TITLDOT yasuey, 


JOJI ΠΟΤΑ4ΒΕΟΟΤ J9318 JO SINTRA ѕпотлел JoJ ἆπο 1ο ποτ} 
-ounj € se 39223 000%0T JO 9ΡΏΑΤΑΤΕ ue шолј әрош πϑἠ5Ώτο 
913 ит ѕашоа ат 005-0т Zurddouap usym squoq eJxou то ouo 
Q3TM SüIpeJ 518391 Of Jo 9931489 e 2ur33TU JO ÁJTITALAOIA 


бе” 


EN 


(LIH)d 


a 





"E 8 IT sandte 


(51Θ1911) απο 





GET COT Có 0 04. 0 06 0 0 
q ME эше j| een = e | | 09 η E 
O 
O O 7 О O CJ O 
Š ” 0 
9 7 y 
© x 5 
Ο 
Ὁ ν 
О 
Кс 8 
08 vy 
og © 8 J 
0 O O Ó 


(5189911) 4OJ444g ٥ح۹8‎ 49318] 


J0OAIS UOTIEI0T 3931823 Jo sonTeA ѕпоталвл лој аяд Јо чот3 
-oungj е 5Ὁ 3991 000°0I JO SpPNaATAIe ue шолј әрош ۵ء‎ 
3U4 UF Squiog “QT 005-0T ZurTrddoup иәцм ѕашоа әлош до euo 
Y97M sSnTpeu sasysu 0) уо 9931489 ٭‎ 30393۲ JO ۸۹۲۲۲۹89 6 


σσ 


05° 


SL: 


(LIH)d 


28 





40 


OO 


ОО 
08 v 


оп Ὁ 
ο ο 


πίτα τί andr 


(sı339U) {40 


» 06 0 04 Y 0б 01 
„сый эз nn _ q A ων, 
O 
E O 
Ç 
O Û 
Q ν 
ν 
σ 
© 
O M Ç 
Ὁ © 


O © 


(S1939/N) 1011 UuOT3990T1 198.181, 


10119 UOT4990T1 I931489 JO SINTRA SNOTABA чоў ач JO мот 
-ounj 8 se 1991 0000T JO әрозтате че шолј spou 742 
249 UT squog ‘qT 005-0т οατάάοαρ uəųm ѕашоа әлош ло suo 
13:۸ SNATpea siazau 00T Jo 193181 ٭‎ 31] 311٤:1 JO ۹۴۲۲ھ‎ 3 


eo 


06 5 


e 


O'T 


(LIH)d 


29 





DE 


Ca, SUNT 


(51939) ἀπο 


06 09 OL 09 ος Of Ot 
I— 4 hp TF s h 
g ; 
D 
ο a 
V ο 
D OT" 
a 
ο 
: Ges 
9 D 
آ0‎ ο τ7 ος" 
Ос М 
peoT1 quog 
= 0H" 


80620-19069 ۶1678867 ποτ 9۹ 
NRO RASO AS EAGT UAE 55ST ϱ0ϱ. ع0‎ 
JO 2apn3T9T8 UB шолу squoq GT 005 Surddoap ueuM 
snrlpei sdej3eu Ql jo 993189 е 3u[33TU JO AF TTqeqodg 


(LIH)d 


30 





٤۶ 


(Sd939U) quo 





5 


(LIH)d 


G 


001 06 00 OL 09 OS Oh 
ا م‎ tt 
5 

o 
Y б a 
ο 
α 
ο п 
۷ 
ο 
~ 
α 
ο 
9 a 
V 
OT ° 
ос τ 
р Бол quog 


SOZOT quog SNOTIBA 4OJ ἀπο 
“SA 10119 UO0TIRIOT 193189 O19Z UITM 39eJ OOO'OL 
JO spnyT4Te це шолу squoq ат 005 ZurTddoup иәцм 
sntpea sıaaau ος JO Jemen © ZUTIAFU Το ھ٣٦‎ 


ШАП 


E 





7/۷۶۹ ۹ ٣۴ 


(31999) ¿30 


OUT ОО 0б 08 OL 09 
|——— — F - rN eee 


۷ ο 

Ú o 

© 
9 = a 

OT ο V 
ο 

D 
peoy quog 


- 


SDE OTE шоа ποτό του απο 


06 Oft DE 


ο 


05 ° 


G ¿ ° 


da 
O 
| 


"SA A0AIS UOTJ890T 293182 04932 ΠγΤΝ 3991] 000°'0T 
JO 2pn3T13T8 ue шолу ѕашоа т 005 Zurddoap uəumM 
SnTD294 SdaƏəo3Əu 0 JO 193161 € JUTIJITU JO far taeta9gua 


(LIH)d 


ЗЕ 





‘сатр Sunata 


(Saeqjow) dH 


ΟΤΙ آ00‎ 06 08 OL 09 ος OF 
bn ee fen Y] 
9 а 
OT o 
0c V 
peo quog 
a 
Y 
© 
0 
0 
ο 
9 
Ў Jr 
0 
ο y Ç 


ѕреот ашоа ѕпотТлевл лој ачдод 
‘SA dOJd9 UO[439901 4934184 04932 UYTM 99223 Q00‘SOT 
Jo spnaryTe пе шоу squoq ат 005 δατάάοαρ αθῖμ 
SHEBE ѕләдәш 00T JO 193189 э Зитд41ҷ Јо Λθττταθαοασᾶ 


Ge’ 


OS ° 


UN 


(LID Ad 





- 


ΙΤ ٦ 


SQUOd ¿Nu 
6 8 | 9 G H C С 
фф 
0 
ο g 
V 
о 
о D V 
ο V 
ο 
6 
ο 
(ἀθαθΜοτΈλάθαατ OT’) etddty v И 


SIZUIS a 
9381ء‎ ο 


ΘΌΟΝ AASATTSA 


ѕәрош ΛαθΛΤΤΟΘΡ ѕпотлел JOJ squoq „Nu 'SA dOddoe 
UOTIBIOT 283184 019Z PUB S19I9U 0р JO ἆπο € UITM 
ѕашоа *QT 005-0T ZuTddoap usym squoq a40u AO ,N, UITM 
snrpea sdo3eu HE Jo 93931483 € Buyaqaty Jo Aarttraegouag 


^ 





ος... 


Go" 
0 
TE 
=+ 
E 
GL" 
oT 


34 





"OL a ΤΙ 5113 Τα 


SQUOG uNa 


سس 


( ITƏJƏUOTLEAJƏZJUF OT’) etddty v 


STZUIS o 
19IS5NATO ο 
әроң Аләлттәа 
V 
05° 
σ ES 
EE 
H 
= 
GL ` 
ο ο 
7 
o $ 
о 
v 
B o o D = 4 0 


ѕәрош AUSATTSP SNOoTUeA dOJj Squoq 

iN, *SA оааә UOTJEIOT 3e2494 oJdoz pue sdej3eu Qg JO duo 

e u3r^4 squoq ат 005-0т Зитбаолр ueuM squoq әлош AO „Nu 

81٢0283 ٠٥93ا 0L Jo 193185} Ἐ Zurgaru Jo Ayrtraeqgodud‏ 1۸ا 


35 





ΤΕ il ۶۶٦٢٣٣ 


squog ¡Nu 
6 8 L 9 G f E 
К ”....,.......͵--.... 
ο E V ο 
o ο 
ο Y 


(19J9WO0TRAJ9JUT OT’) etddty V 
SISUTS D 
4 e 


opow Аләлттәа 


Ssapou ATZSAT Tap 5ποταξλ лој ѕашоа 
ιδ. ΡΛ JO119 UOTILIOT 193189 OJ9Z pue sdagow 0) JO dd 
* UJIM Squoq “QT ο0σ-οτ Surddoap ueuM squoq oe4OU 4O „Nu 
ц31м ѕитрел ѕләдјәш 05 Јо 1931813 e JUTIIFU JO ΑΦττταξαοσἆ 





OU 


06 * 


(LIH)d 


GL" 


36 





"ZT ’ g’II sans y 





S GUO f id Nu 
E a 
y y 
D 
ο 
ο D 
V ο 
۴ ۷ 
09 
9 
Ώ ν ο 
(хәзәшотелләзит отб) θταάτα v б 
τοι] а 
ADASNTO o a 


PON ۸ 0 


AZSATTap snorad9gA JOJ squog‏ ساوت ہ9 
uNu “SA dodda UOTZEIOT 4934184 0132 pue sdejew OL JO duo‏ 
эе u4rM SQUOQ *AT 009-0T Зитайолр иәцм squoq ədgaou AO Nu‏ 
цӯтм ѕптрел ѕләдяәш OL Jo 9931489 e 3UuTI39TU JO ÁJTITAROL4‏ 





EG 


05° 


(ФІН )а 


GL* 


ЗИ 





D 


CTE IL SINS 


S quog 14 Nu 
D 9 G t € Z 


(хә4әшотелләд4ит OT’) etddty v 
SIZUTS a 
193SNTOD ο 

3PON 9۸60م‎ 


V 
o g 
ο 
ο Y 7 0 ο 
o V 
V 
D 
o о Ú о 


Sopou Аләлттәр ѕпотлел лој squoq 
iNy *SA 101419 цотдеоот 4987324 одә2 рив ѕләяәш 0/ Јо ds 
9? U3IM Squoq ‘ат 0065-0т Зитааолр иәцм ѕашоа әлош ло „Nu 
UTM ѕптрел ѕләзәш QQQT JO 993189 е Зита41Ч Јо AATTTqQeqodg 


бс" 


05° 


EE 


(LIH)d 


38 





τα πι 5πστη 


5000098 Nu 


UC OL eTddty у‏ ۲97۸ 0900ی 
STSUTS a‏ 


doa3Snio2 o 


2PON 3م‎ 6) 


S3PoU Аләлттәр ѕпотлел лој 
sqwog ¿Ny “SA XOXID UOTIBDOOT 2938189 O19Z pue szxə3Əu 00T 
JO ¿30 е UFTM squoq *qT οοσ-οτ Surddoap ueuM4 squioq aou 
JO ¿Ny U9 TM SNTped s1s999u OE JO 394189 е Zuf337TU Jo Ayrtraeqgodg 


ا[ 


wo 


ger 


DE 


E 


(LIH)d 


Ве 





"ST g’II 019 ع]‎ 


squog Na 
6 9 a 9 G T € 


aq 


(4939UOl9?AJ94UT QT") ertGdTH V 
olgurg o 
28110 6 

ƏpoN &Аләлттәа 


ѕәрош Аләлттәр ѕпотлел 4OJ Squogq 
Ny, 'SA 40449 UOI399O[I 393493 OdS9Z pue sao39u 00T JO ID 
e U3TA ѕашоа "AT 005-0T ZUTddoup USUM SQUOQ SALOU JO „Nu 
٦۲۸ ѕптрел ѕләјђәш 0/ JO 193328} € ZUTIITU jo AAT TTqQeqodg 


Ge" 


ος) 


N 


(тана 


0 


40 





ة8 11* 918" 


٠ 0098 uNa 
G E 





D 


(2999WOTEAASYUT OT‘) atddty 
әт8чтѕ 


19ISNTO 
ΦΡΟΙΝ LASATTSIA 


Sopou ہ۰ ۸۲۲0ی‎ ٣8۸ Joy squoq ,N, “SA JOJJƏ 
UO0TIBDOT 4934182 04932 PUB sS1939U COT JO 410 Y UTM 
SQUOQ *qT 006-0T 911010006 ичәцм ѕашоа әлош ло ,N, UAT 
ѕпүрел 519391 OOT JO 3193183 Ἐ 3uT331Uu JO AFT TQeqodg 


ασ 


ος 


(LIH)d 


SL 


41 





III. TPQ/MAF MODEL SIMULATION 


A. BACKGROUND 

EENORHTHAN computer program was written to simulate the 
Bon or = arine Air Support Squadron, MASS, in support 
۳٣۰ але Enprivious Force, MAF, operation. A MAF consists 
Marine Division, a Marine Air Wing and other supporting 
EE 83s cescribed in Ref. 1. Offensive air operations in 
MOS O tic MAF are controlled by a Direct Air Support 
Sewer, YASC, which assigns the ground attack aircraft to 
Eu c specific targets. During hours when visual contact 
ne carzet cannot be established by the attack aircraft, 
ШООГО darkness or inclement weather, a ground-based radar 
.  οᾱ DOMmoing system is utilized. An ASRT, Air Support 
Radar Team, site provides a precision tracking radar (PTR), 
and the associated equipment to conduct ground-based radar 


bombing missions. 


SS SCENARIO 

moe model is built about a MAF which is established 
ashore. The MAY has landed across the beachhead and has 
established seven bases of operations. These bases consist 
of the beachhead area, which contains the MAF headquarters 
and the DASC, two firebases which are located away from the 
beachhead, and four outposts. Each firebase has two of the 
four outposts located within close proximity of it to provide 
intelligence reports. A pictorial representation of the 


ШОШО scenario is provided on Figure 111.B.1. 
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-+ Co-ordinates (0,0) 


(N Beachhead Area 


С) Firebase 


[J Outpost 
A Possible ASRT 
Location 
[J 
o (a) 
Г] 
Littoral 


πη ΙΤ]... 
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C. 


ment 


8. 


THE MODEL 


Assumptions 


The following assumptions were made in the develop- 


of the model. 


mare beachhead Can be approximated by a straight line 


ο τος Irom — infinity to + infinity. The land mass 


in the problem would encompass all the area clockwise 
from 270 degrees to 090 degrees. 


The DASC would be located at the beachhead at 
co-ordinates (0,0). 


ASRT's would be located only at the beachhead or at 
the two firebases. 


At no time would any one location have more than one 
ASRT assigned to it. 


All of the targets enccuntered would be approximated 
Bemeiarcular targets. 


All targets attacked would be attacked under conditions 
mequiring ground-based radar control of the strike 
eeercraft. 


Each target would be attacked a maximum of once. 


There would be no system failures. 


All bomb drops would be performed in the automatic mode. 


The seven Marine bases of operations, and other sources 
would provide target information to the DASC throughout 
the day. 


That at the start of the simulation the DASC would have 
αυ ον Of targets to attack. 


τσ aircraft would report into the DASC at 


‘co-ordinates (0,0). 


Interarrival times between aircraft would be randomly 
distributed between one and nine minutes. 


Aircraft would have from 30 to 120 minutes available 
jm Which to perform their mission. 


All aircraft are ecuipped to conduct a completely 
automatic bomb drop. 


None of the aircraft would suffer systems failures. 


The DASC would immediately assign a reporting aircraft 
оа гресс Tor attack and to an ASRT team for radar 
Control. 


The DASC would assign the aircraft to the target with 
the highest priority rating. 


11 





Se. {πε DASC would assign the aircraft to the ASRT site 
wnich would give the smallest CEP for tne mission. 


Berne DAOC would instruct the aircraft to take up a 
иазар carectiy to its assigned target. 


πο asslgred to a target and a site the mission 
Pavramevcr: of the aircraft would not be changed. 


۳۰۰۰۰6٠ 5ссотіоп error would be zero for all targets. 
2. Opera cien oF She Model 
просе 

Bees co σπε model include targets, aircraft, 
Hocation and number of friendly bases of operations and the 
۳۰۰۰٠۰706 ana _ocation of the ASRT's. 

15^ land mass was divided up into four different 
Bons for tic generation of targets. These regions were 
ص۰‎ ۰ ۲6۹ ٥٥۶ج‎ regions A, B, C, and D. The physical 
Siles o” znese regions are listed below. 


EN r et Region A includes all area within 25 miles of 
a firebase and all area within 3 miles of an outpost. 


a reet Region D includes all land within 25 miles of 
phe beachhead. 


Target Region B inciudes all land within 125 miles of — 
m@enbeachnead wnich is not in target region A or D. 


4, Target Region C includes all land greater than 125 mil s 
from the beachhead that is not in target region A. 


Eupyectorjal representation of the targets regions is given 
К sure I11.C.1l. 

resp roport=on ot the total targets located in 
٣۰۰ہ.‎ ط۶٣161187‎ target region is determined by input parameters. 
Additionally for target region A the percentage of the A 
region targets in any one of the six possible areas that make 


up target region A is also determined by inputs to the model. 


E 





Target Region C 


°— . Target Region C 





; 
Е. 
| Target Region B o бы ; 
/ Target \ | 
| / Region D \ Target Region B | 
== | | | | => 
Littoral 


Баве ء۲۲٣٦‎ 
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cana Tc Morton” different target types and 
УО Г егеп priorities was provided in the model. Differ- 
EE ۰۲٦7065 8< identiried by different target radii. 
Beer types and target priorities were assigned to a target 
on the E STS Ot which target region the target was located 
٣٠٦۰ م۰٢٥‎ priorities were assigned to targets in regions 
mena D because of their proximity to friendly forces. The 
EN ron of target types and priority types to the target 


035115 indicated in the following table. 


ο ας possible 
01809۹٦۹۶۱۹ DES priorities 
A 4 ES 
Target B Ц lj 
Region 
@ 2 5 
D 1 1,2,3 


Each target generated will have associated with it 


1. a target number 

2. a X,Y co-ordinate 

3. anumber indicating the target type 

4, a number indicating the priority for attack 

5. a time when the target would be reported to the DASC 


۳۳6٦۱۰156 67۰۳067۳6 1766۶۲٢6 which will be generated іп 
the simulation is an input parameter. The capability to 
define ten different aircraft types was provided for in the 
Program. Different aircraft types are defined by specifying 


varied bomb loads, aircraft speeds and aircraft altitudes in 


a 





EN Ut matrix. The percentage of each type of aircraft 
EN would be generated during the simulation is set by the 
٣۰٠۰٣۶۰۹٢ utilizer. 
interactions Wrtnin the Model 

Πλ ο. σας rogram the aircraft and all of 
πμ, τεῦς vwhich will be utilized are generated and identi- 
Mane information tor them is tabulated. The model utilizes 
sS event times to determine the chain of events that takes 
EN Ihe three event times utilized are the time the next 
"ασ drop takes place, the time the next aircraft reports 
into the DASC, aná the time that the next target is added to 
ne Targets Reported List. If the next ordnance drop 
(mission execution) is scheduled to take place prior CO the 
next aircraft reporting in then the model calculates the CEP 
Mat mission and calls the bomb dropping subprogram for 
Το} of that mission. If the next aircraft is scheduled 
Mmemreport into the DASC first then the model determines if 
EN uP5scets should have been added to the Targets Reported 
hist since the last en eral t CllecKed in. If targets snoulc 
have been added to the list then the model adds those targets 
and then calls the assignment subprogram where a mission is 
Benstituted. A mission consists of an aircraft assigned to 
a target, the aircraft target combination assigned to an ASRT 
site, and the associated event times for the mission. If no 
targets are to be added then the model goes directly to the 


assignment subprogram. 
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ШШШ сс σαπεοως portion or the model handles the 
ment Of the aircraft to the target and the assignment 
Na ireraft target combination to the controlling facility. 
mies assignment subprogram considers only those targets that 
meenon the Targets Reported List and apre also classified as 
"available". A target could be on the Targets Reported List 
mot be available for attack for any one of four reasons. 
EM 6ء‎ could already be assigned to another aircraft for 
Beck, the target could already have been attacked, it 
memo Nave been previously determined that the target could 
e attacked due to range restrictions of the ground-based 
Meme sites, or it could have been previously determined that 
۳۰۰٠٠۰۰۰۲٥٠ could not be attacked by this particular aircraft 
K ruse] constraints of the aircraft. Targets on the 
S LS Reported List are designated for attack on a modified 
FIFO basis. Targets are assigned to missions on a first 
Memorved First attacked basis except that reported targets 
memaenigher priority rating are attacked prior to those of 
mewer priority ratings. 

NCE € Mission is established the assignment 
subprogram calculates ο times for the mission. These 
times are the time at which the aircraft first comes under 
٣۰٠۰٣٠٠۷٢٢ control by the controlling facility (ASRT), the 
time at which the aircraft drops its ordnance and thus no 
longer requires precision control, and the total mission 
time for the aircraft. Once these values are calculated and 


me has been determined that the time available constraint of 
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۰۰۰ ۹ہ‎ ۲ has not been violated the mission is placed in 
Mme@ewaweue which is associated with the particular controlling 
MIE Y. The queue for a controlling facility consists of 
K missions which have been assigned to that facility but 
have not been executed yet (A mission being executed when the 
craft drops its ordnance.). The location of the mission 
in the queue is determined by ccnparirg the time period 
EN ۰۱۱٦١۱ this mission requires tre services of the pre- 
Пой tracking radar of the controlling facility to the time 
NS which the other missions already in the queue require 
E SS Services. If the time at whicr the new mission first 
requires precision control is earlier than the time at which 
EN The missions already in the queue first requires the 
vision tracking radar then this new mission can be placed 
ahead of that old mission in the queue. However, once a 
mission is placed in a queue the event times for that mission 
Will not be changed. مت‎ M 6گ‎ ۹٢١ 1ة‎ mission 
into the queue would interfere with the time requirements 
of any other mission that is already in the queue then this 
mission's men times will be changed. 

The bomb aroppingiportion or the model is 
mewered in Chapter II. 

A simplified flow chart of the model is presented 
Meeraieure Jil.C.2. A detailed flow chart of the model is 
provided in Appendix B and a computer listing is provided 


in Appendix F. 
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٠۰۰.1500605 of the model 

Tee Ure Or effectiveness the model used 
Number of targets hit out of the total number of targets 
E vere attacked. A target was considered to have been 
EE one or more bombs fell within the circle described 
Eo he targets radius. The model outputs the number of 
1:5 Successfully attacked and the total number of targets 
attacked for each repetition of the simulation. A descrip- 
Ec" the setups considered and an analysis of the results 


follows. 


D. DESIGN FOR SIMULATION RUNS 
momreach meaningful conclusions about the relative per- 
formance of the TPQ-10 and the TPQ-27, various set-ups of 
three, two and one TPQ-27 site were compared to set-ups 
E Three TPQ-1lO0 sites. 
1. What TPQ Set-ups are Examined? 
Fourteen different TPQ site set-ups are examined. 
Figure II.D.1 shows set-up numbers one through six and 
Figure II.D.2 shows set-up numbers seven through fourteen. 
Three simulation runs were made for each set-up using three 
different mixes of target sizes, resulting in a total of 42 
Simulation runs. Set-ups (1) and (7) use three TPQ-10 sites. 
The remaining 12 set-ups use various combinations of TPQ-27 
Tes. 
2. Number of Repetitions of the Simulation For each Set-up 
Bach simulation is repeated 20 times. The random 


bomb impact points are different for each of the 20 repetitions. 
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The expected number of targets hit is estimated from the 
results of these 20 repetitions. 

Io rials Was considered Sufficient for the 
۲۰٠٠٠۰۰۰۰٦ be accurate. A confidence interval for the mean 


is shown on page 103 of Ref. 8 to be 


where 


uy = true mean 

8 » 

y = sample mean = x 

α τοπ i ence coefficient 

Ca = 100 = percentage point of the t 

a distribution with n-1 degrees cf‏ ھ2 
freedom‏ 

S - sample standard deviation 
alo 


Of the 42 simulation runs, each of which was repeated 
20 times, the largest standard deviation in the number of 
targets hit was 3.4. The 95 percent confidence interval 
ST the number of targets hit for this run is 


X 28635 = у ۹ 6 


П = + +£ 


D 





Thus in the worst case, where the standard deviation 
πι... largest, the probability or the true mean being 
within 1.59 meters of the sample mean is .95. 

E Method of Comparison 

The comparative effectiveness of m TPQ-27 sites and 
three TPQ-10 sites was based on the wc sample t test. It 
EE umed that the mean number of hits ¿3 approximately A 
۳۰۰۰3710407 ٣٥٣١١٥١٥٠ because it is the sum of 20 independent 
random variables (divided by the constant 20). 

EE Testing Procedure 


απ STE MSN alista used, Irom Ref. 20,‏ 2۶ت 


is 


5 
ox у ) 
n 


She number of degrees of freedom, f, is 


TT * 
f = [[ + ——°— 1 x n 


Sy + ὃν 


The testing procedure is shown below. ux is 
E rected number of targets hit in the TPQ-10 set-up and 
us is the expected number of targets hit in the TPQ-27 set-ups. 

ο ο σπε desired comparison is to test whether 
NOI the two systems perform equally, then the hypothesis 


tested is 
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The test statistic T is then calculated 
EE che above formula. The decision rule is to reject Hy 
Be a 95 percent level of significance if Т is greater than 


or less than t 


ο τος 025,f° 


eum it the desired comparison is to test whether 
DOT the TPQ-10 set-up can be expected to hit more targets 


than the TPQ-27 set-up, then the test is 


A 
τε 


T is calculated in the same manner as above. 

The decision is to reject Ho at a 95 percent level of signi 

ficance if T is greater than t : 
Nod 

3. If the desired comparison is to test wheth: r 


or not the TPQ-27 set-up ean be expected to hit more targets 


than the TPQ-10, then the test is 


αν 
= 
lv 
E 


T is calculated as above. The decision rule 
is to reject the null hypothesis at the 95 percent level of 


ЕИ 5 сапсе іг Т јѕ less than t ‘ 
Soc 
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۳۰۰٠٠۰٠٠٠٠٦٠٦36٢ interval Por The Difference In Means 
If the null hypothesis is Ho : Ly = i and 
Nest results in the decision to accept Но» then a 
confidence interval for the difference between A, and Hr 


is desirable. Ref. 11 shows that the 95 percent confidence 


interval is 


П 9 0 0٤9 


X y 
where 
E + § e 
= Ἢ. шу... 
e A ' τη.» 
s, = standard deviation of the number of 
σοι ρε MIL Ior Che TPQ-10 set-up. 
S = standard deviation of the number of 
y targets hit for the TPQ-2/ set-up. 
n = number of trials. Y 
BEEN RESULTS 


The results of the simulation runs are used to make 
conelusions about the comparative effectiveness of the 
IPQ-27 and the TPQ-10. 

Output of Simulation Runs 

Mes computer output of the simulation runs is in 
Appendix D. Each page shows the results of 20 trials, and 


the mean and standard deviations of the number of targets 
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EN tne mean and standard deviation of the total number 
of bombs hitting the target are also shown. There are l2 
pages corresponding to the 42 different simulation runs. 
۴۰۰۰۱۶0, 7 and Table 111.D.2 show these results for each 
s LU up and target mix and also give the page number 
EE (IX D which contains the results for that particular 
mulation run. 

EE Comparison of Fesults 

mies performance of three TPQ-10's operating in 
set-up (1) is compared to the TPQ-27 performance in set-up | 
numbers (2) through (6). The comparison is made for each 
ree different target mixes. These comparisons are 
τι Table III.D.3. 

The performance of three TP@-10's operating in 
set-up (7) is compared to the TPQ-27 performance in set-up 
numbers (8) through (14). These comparisons are also made 
Beach of three different target mixes and are shown in 
Table III.D.4. 

Tables III.D.3 and III.D.4 show the null hypothesis, 


۳۰٠٠۰ Оне by the decision to reject (R) or accept (A) 


о? 
Ho based on a 95 percent level of significance. The test 

EE ut:c T is then shown, followed by the critical level 

a E is associated with the observed value of T and represents 
the smallest level of significance at which the null hypothesis 
would be rejected. For the cases where the null hypothesis 
that > Hy is accepted, the value of d which represents 
ШООЛА of the length of the 95 percent confidence interval 


about the difference u. - Wy is shown. 
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Е. CONCLUSIONS 

Two questions were proposed as the basis for the inves- 
۳۰۰٠۰.۰٠٦ 75ط‎ undertaken in the simulation of the model. 
Answers to these questions can now be presented in terms of 
mm@emexpected number of targets hit as the measure of effec- 
۳۰۰ 

E ow Do the TPQ-27 and the TPQ-10 Compare? 

Set-up (1) used three TPQ-10 sites at the same loca- 
tions as the three TPQ-27 sites in set-up (2). Set-up (7) 
El гее ТРО-—-10 sites at the same locations as the three 
TPQ-27 sites in set-up (8). To answer this question, then, 
set-ups (1) and (7) are compared to set-ups (2) and (8), 
respectively. 

Fo mnm 2 in Table i11.D.3 shows that for all three 
τους target mixes, the expected number of targets hit 
by the TPQ-27 set-up, My > WES 2075۱۷9٦ Che expected 
memeer hit by the TPQ-10 set-up, Ue dnis plus similar 
results shown in column 8 of Table III.D.4 make it apparent 
that the TPQ-27 can be σι ο ο δι Ποις targets than the 
TPQ-10 for all mixes of targets used. Since the critical 
region КО лга ру Í 15 larger for the target mix of 50 
percent 60m, 50 percent 80m targets in both cases, it appears 
that the amount by which the TPQ-27 is more effective than 
the TPQ-10 decreases for larger targets. These conclusions 
Only confirm what would be expected. The new system with the 


better CEP is more effective than the old TPQ-10 system when 
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u stems Operate in the same environment. And this 
or increased effectiveness decreases for larger 
۳۰۰٠ہ‎ 


2. Can the TPO-27 Revlace the TPQ-10 
On Other Than a One For One Basis? 


The performance of three TPQ-10's, set-ups (1) and 
(7), using expected values of the number of targets hit as 
EE measure of effectiveness, was compared to the performance | 
of various set-ups of two and one TPQ-27 sites. Specifically, 
set-up (1) was compared with each of set-up numbers (3) 
کس‎ (6), and set-up (7) was compared to each of set-up 
numbers (9) through (14). The results of the two-sample t 
test which was used to make conclusions on the comparability 
of the systems, are shown in Tables III.D.3 and Tp. 

The results show that in some specific tactical 
Situations two TPQ-27's can perform at least as well as three 
IPQ-10's. For three friendly firebases located within 50nm 
Ehe beaechhead, with one of the firebases at the beachhead, 
two TPQ-27's located at any two of the three firbases per- 
formed at least as effectively as three TPQ-10's, one located 
ab each of the three firebases. Also, one TPQ-27 performed 
as well as three TPQ-10's against larger targets, but not 
against smaller targets. 

When the three firebases are spread out so that the 
distance between the beachhead and one firebase is about 
75 mm and the other is about 50nm, only in the case where the 
two TPQ-27's straddled the third firebase did the TPQ-27 


perform as well as three TPQ-10's against all target mixes. 
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ΞΕ the friendly positions which originate 
bereet requests are within about 50nm of the beachhead, then 
two TPQ-27's can be expected to perform at least as well as 
Meee TPO-10's. As the third firebase is moved out from 
ОООО О nm, the two TPQ-27's lose their capability to 
EE uat least as well as the three TPQ-10's in all cases. 
Therefore the two TPQ-27's should be located so that they 
EN "the third firebase. In other words, if the fire- 
ШОШ ОПО а ТРО site is in between the two firebases with 
Sites, then the two TPQ-27 sites can be expected to 


Еос at least as well as three TPQ-10's. 
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APPENDIX A 


COMPUTER PROGRAM FOR BOMB DROPPING MODEL 


۰٠٠15 dropping model described in Chapter II was 
written in FORTRAN for simulation on an IBM 360/67 computer. 
۳٠۰۰ء537‎ listing appears in Appendix E. A flowchart of 
the program and a detailed description of the program with 
reterences to both the flowchart and the program listing 
appear below. 

IE Program Flowchart 

A flowehart of the program listing in Appendix E 
ONS. All four-digit numbers appearing in the flowchart 
represent the line numbers of the program listing which 
appear in a column along the right-hand side of the listing. 
The lower case letters appearing in small triangles "/A" 
Peter to paragraph letters in the following section. 

SN This model can drop bombs from either 10000 ft 
SS τὺ KTAS or 20000 ft and 500 KTAS. The value of the 
meemeard deviations SDBD, SDBR, SDTD, and SDTR are calculated 
as shown in paragraph 2.4.2. ' 

ο е system related portion of the bombing error 
۰٠۰۰۰۰66 calculated in terms of the standard deviations. 
ENDE system standard deviations, SDSD aud ov5R, are calcu- 
mea directly by subtracting out of the total CEP the 


۲۰۰۰٦٦۰۶٢٣131 dispersion. Thus 


1 
SDSD = (SDTD“ - ѕрврё) 3 
1, 
SDSR = (SDTRÍ - SDBR*)? 
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SET 


0010 
TALT,IAIR SDBD, 
SDBR . 
ng سے کاو‎ 
| CALCULATE 0150 
SDTD,SDTR -0350 


SDSD,SDSR A 


IDIST = 10 








0710 GENERATE 0430 
-0860 BOMB IMPACT zn 
POINTS A\ 














GENERATE 
BOMB IMPACT 
POINTS 


1090 
-1250 


0950 
-1050! 





GENERATE 
BOMB IMPACT 
POINTS 
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CALCULATE 
P AND Cl 


IB = NBOMB? 


[ yes 
NO | | 
>| CEP = CEP+10 0090 
Í YES 
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PP ΤΤΕΙΕ drop means that if the bomber has NBOMB 
Memos, 1c Will drop one bomb at a time NBOMB times. The 
library function GGNOR generates NN Normal (0,1) random 
Members. The MPI is then created and assigned the coordi- 
ООО УО ҮҮ). Thus X is N(O,SDSD) and Y is N(O,SDSR). The 
et point of the bomb itself, (X1,Y1), is then distributed 
md the MPI with X1 N(0,SDBD) and Y1 N(O,SDBR). If the 
meme target center is (XACT,YACT), (if the target location 
error ITLOCE is not 0) then (X,Y) is adjusted accordingly. 
E This the impact point of the bomb can be calculated 
relative to the center of the target (X2,Y2) where X2=X+X1, 
.رہ ى+ب کو کک‎ Now the distance from the target 
Ber to the bomb impact point is just EI 
E distance, DIS, is inside the target radius, TR, then 
a hit is recorded (ISCORE=ISCORE+1). 

a relative to the true target center is 
Calculated as inc. above. Because all NBOMB bombs are 
n q on the same run, they will all be distributed 
around the same MPI. 

| e, NBOMB bombs are released simultaneously in the 
eer mode. The impact point around the MPI, (X1,Y1), is 
a random point with X1-N(O,SDBD) and Y1-N(O,SDBR). NBOMB 
points are generated and the distance from each to the target 
is calculated, and the number of these bombs which fall 
ος. ὃς the target radius TR is accumulated by ISCORE. 
f. NBOMB bombs are reieased TIME seconds apart which 


ШОО ОО О LO DIST meters of range displacement between bombs 
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EN he ground. The bomb impact points and target to impact 
КООШО у зСапсе are calculated as in e. above except that for 
eaeh bomb an adjustment is made to the Y coordinate of the 
ШКО account for DIST, the ripple effect. 

cine probapilıty of hitting the target can now 
memearculated. NTRIAL Bernoulli trials have been performed 
che sum of the Bernoulli random variable equals IBERN. 
ΠΕΙ. / the total number of successes divided by the 
TSO trials is an efficient unbiased estimator of the 
۳۰۰۰٦٦٦0 of success in a single trial. In the program 
P=IBERN/NTRIAL is the estimator. The confidence interval 
۳۰۰٠۰۰ Irom the fact that [BERN which is the sum of NTRIAL 
Ulli trials, has the binomial distribution with mean np 
and variance of np(l-p). The large sample approximation as 
shown in Ref. 8 then yields the confidence interval for P. 

fee) Definitions 

The following is a list of the variables used in 

the program and what they represent. 


TIME intervalometer ше секи ор sci pp les drop 
NBOMB number of bombs aboard the aircraft 

NTRIAL number of trials run for each probability 
IALT 52۰۰۰۰" 76ہ‎ ٣۲٣۴10006 in feet 


RIPPLE logical variable set to true if ripple drop false 
otherwise 


SINGLE logical variable set to true if single drop 
39۰۷۰٢٣٢6 


ITLOCE target location error in meters 


SDBD Saomeara deviation in deflection due to ballistic 
dispersion 

SDBR Standard deviation in range due to ballistic 
As per sion 


pal 





SDTD 
SDTR 
CEP 

SDSD 


SDSR 


I BERN 


TETA 


XACT 


YACT 


DIS 


CI 


the total standard deviation in deflection 
τος total standarä deviation in range 
Circular error probable 


standard deviation in deflection due to causes 
τη ΠΠ Dallistic dispersion 


standard deviation in range due to causes 
ener than ballistic dispersion 


e a ng variable in program. For each trial adds 
] to itself if a success is achieved, O otherwise. 
BE e cess το if the number of bombs that hit the 
۴۰۰۰٠٠٠٠٠9 greater than or equal to B, the number 
Ear cubes foro wbrieh the probability of hitting the 
Barget 1s being calculated. 


angle between 0 and 360 degrees which is randomly 
generated U(0,360) 


mame Uocatloncof Che AX target coordinate if the 
target location error is not zero 


ЕСИ ТоОсастол ог спе Y target coordinate if the 
۳۰۰٠٦٦6664616707 error is not zero 


mu nec Detve bomb impact and target center 
Buchapılatcy Of hitting the target 


en l dence interval around P 
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APPENDIX B 
COMPUTER PROGRAM FOR TPQ/MAF MODEL SIMULATION 


The model described in Chapter III was written in FORTRAN 
for simulation on an IBM 360/67 computer. The program listing 
appears in Appendix F. A flowchart of the program and a 
٣۰. ес description of the program with references to both 
the flowchart and the program listing appear below. 

1. Program Flowchart 

٣٠٠٠۷٦٣٢٢۹٣۰١٠٢ of the program listing in ae F 
ο <All four-digit numbers appearing in the flowchart 
EN ont the line numbers of the program listing which 
Bear in a column along the right-hand side of the listing. 
The lower ease letters appearing in small triangles "/A" 
ο το paragraph letters in the following section. 

planation of the Flowchart 

eee Generation of Targets 

The number of targets that will be generated is 
set by the input variable ITNTGT. Realizations of a random 
variable from a U(0,1) distribution are utilized to determine 
Specific EE of a given target. Characteristics 
are determined by comparing realizations of the random number 
EE ues in different control matrices. These values are 
provided by the user. A decision is made concerning the 
characteristics of the target depending on whether or not the 
realization is greater than or less than the number to which 


IS compared. The target characteristics determined are; 


13 
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NO 


RTIME 
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COMPUTE 
RANGE FROM EACH 


ΑΝ ?ГЫ Т" 
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ANY SITE THAT 
VIOLATES RANGE 
RESTRICTIONS 
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CAN ATTACK THE ο Dr 
TARGET 
ГА EXECUTED 
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SELECT SITE © 


THAT GIVES 
AD MINIMUM RANGE 


COMPUTE 
EVENT 
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VIOLATE y 
FUEL > 344 
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3 
۵ ЫЕ 
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LOOK FOR 
ANOTHER 
TARGET 


М‏ يرت 


PLACE 
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he SINE QUEUE 
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PLACE 
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MISSION 
QUEUE 








78 

















MARK TARGET AS 
UNAVAILABLE FOR 
975 
AIRCRAFT 





LOOK 
FOR ANOTHER 
TARGET 


ADJUST 
' EVENT 
TIMES 







VIOLATE 
FUEL 
CONSTRAINT 
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٣۰٠٠۰٦۰ 6٠٦ region generates the target report and if the 
ο 5 to be generated by region A then the particular 
uly base of operations that will generate the target 
Mer rmined, the type of target that has been encountered, 
NEN Priority rating of the target, and the location of the 
Ж... Ome additional characteristic of the target that is 
٣۰٠٠٦۰ ۰٦ by the subprogram is the time that the target will 
reported to the DASC. 
PG eneratien of Aircraft 

Осие оО аста that will be generated 
ШОС simulation is set by the input variable NAIRCF. 
Realizations of a random variable that is distributed U(0,1) 
٠٠۰٠٠٠٠۱٦2660 to determine specific characteristics of a 
реиси аг ајгсгаг_. Characteristics determined are aircraft 
@aeerarrival times, the amount of time that an aircraft has 
Gemeeriorm a mission (fuel restriction), and the particular 
aircraft-ordnance PREM: Horde simulation runs 
aircraft interarrival times were taken to be distributed 
U(1,9), and the amount of time that the aircraft had to 
perform its ET s taken to be distributed U(30,120). 
The particular aircraft-ordnance combination was determined 
Ecomparing the realization from the U(0,1) distribution to 
mes values that the utilizer had inputed into the matrix 
ACTYP. By varying the values of the elements of the matrix 
ACTYP the user can specify the percentage of each aircraft- 


Seenence combination for the simulation. 
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ο. Control Decision Point One 
1f all aircraft have been processed then there 
۰۰۰٦ء76‎ more aircraft reporting in to the DASC and there- 
τους the simulation should execute any missions that are 
meme outstanding without checking for new aircraft 
errs Ving. 
@ Control Decision Point Two 
ПАШ ЖШ сого variable that denotes the 
Biber of missions that have been designated to attack 
MEE Us but have not been executed yet. If there are no 
E MCUmissions in the mission queue then the program should 
η... to the arriving aircraft queue to process the next 
aircraft. If there are active missions outstanding then the 
iuam must determine which event comes next in the simu- 
ШОО. Does an aircraft report in or is a mission to be 
18077 
ООСС е сі5лоп Point Three 
tuuc шы спете are unexecuted missions in the 
mission queue then if the mission event time forthe next 
mission (ITTDP) precedes the aircraft reports event time for 
the next aircraft (RTIME) the program goes to the bomb 
Ens portion of the simulation. If the reverse is true 
the program goes to the assignment section of the program. 
۰۰۰۰۳۰٠۶۰٠٠٦۷066 16167. Point Four 
Once it has been determined that the assignment 
ШОШО Оп of the program will be called, a check is made to 


see if any targets should be added to the Targets Reported 
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۰٠۰٠۰٦٦ ٣٥١١٣ the next aircraft is assigned to a mission. If 
C ets have already been listed then the program goes 
directly to the assignment subprogram. If all targets have 
S I listed then the event time for the next aircraft 
EE Us compared to the event time for the next group of 
EN Ces being listed. If the event time for the targets is 
Mier smaller of the two numbers then the appropriate η... 
me added to the Targets Reported List and then the program 
Mees tO the assignment routine. If the aircraft arrival 
time is the smaller of the two numbers the program goes 
БОЯУ to the assignment routine. 
"EUM 5dating oft the Queues 

Once a mission has been executed that mission is 
۰۰۰۰ irom the queue of the site that controlled the 
Een. The remaining missions in the site's queue are 
moved up one slot and the number of unexecuted missions 
(NAMISS) is decreased by one. The target is coded in the 
IATGT matrix as having been attacked. And the next mission 
in the MISSON queue is designated as the next mission to be 
executed. 

ае مق کت‎ ЕЕС оли РСЕ е 

ne Ei О есетипест опат alleaırcraft have 
been assigned to missions the program proceeds to execute 
the missions that are remaining in the MISSON queue. After 
emission is executed it is determined whether or not 
there are any active (not executed) missions remaining. If 


there are missions remaining they are executed one by one. 
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EE is determined that all missions have been executed 
E CaDpropriate statistics and output are printed. 
e Repetition for Statistical Significance 
The entire simulation is repeated "NOT" times so 
that enough πο Doi tS wilt be available to provide some 
u Са! significance to the results of the simulation. 
Once the simulation has been repeated "NOT" times the final 
Meerorscics are calculated and printed out. 
Computation of the CEP 
Depending on which system is being utilized 
(TPQ-10 or TPQ-27) the program utilizes the appropriate 
Mia. to calculate the CEP for the mission. The CEP for 
@aewtrQ-10 is calculated utilizing data presented in Ref. 2. 
EN ES for the TPQ-?27 is calculated fzrom eauations derived 
EN uSSP regression on data presented in Ref. 24 
κ. Dropping of Ordnance 
ШШ отш оп Gd this portion of the program is 
included in Appendix A. 
l; Assignment Portion 
"ЕК ИЛ election. The program first deter- 
Mines how TERS рос аге presently on the Targets Reported 
List. A search is made of the Targets Reported List and the 
۳۰ 5۶۲) is assigned to the first available target of priority 
Tf there are no priority one targets available then 
EN τν two targets are considered next. if there are no 
Иог су симо targets available priority three targets are 


wered then priority four then priority five. All 
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٠٠۰٠۰۰۰۰٦ targets of a higher priority will be assigned 
Before any lower priority targets are assigned. Once an 
leble target is located this target is then marked as 
assigned to an aircraft and the target is then defined 
Na vallable to future aircraft. 

©) “Nomivailabple Dargets for an Aircraft. ΤΕ 
۳۰٠٠۰٠٦151067118 all of the targets that are presently on 
Mar eets Reported List it is found that there are no 
EE available for assignment to the aircraft then the 
on is considered as having been completed. The mission 
сеа at the end of the MISSON queue and the aircraft 
ν..' ποῖ drop its ordnance. 

ο ρα ος the Site for the Mission. 
EN target has been assigned to the aircraft the range 
Sal target to all of the operating TPQ sites is 
۲۰۰۰.٦ еа. Any of the sites that cannot be utilized to attack 
w neet due tco the range restrictions of the system beir- 
re disqualified. From the remaining sites th. progre 1 
Bmooses that site which gives the minimum target to site 
range; thereby mema рсе CEP for this particular mission. 
none of the ۱۱ت ت۳ ت23۴‎ 1٣76۰ αρα ως τους target the 
arget is marked as unavailable for the remainder of the 
fSmmlation and another target is found for the aircraft. 

(4) Computation of Event Times. Depending upon 
marten TPQ system is being utilized different formulae are 
EU Lo compute event times for the mission. Three different 


times are computed; 1) The time that the aircraft will first 
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meme under precision control (ITTSR), 2) the time that the 
roll will drop its ordnance (ITTDP), and 3) the total 
Mime for the mission (the time it takes to fly from the 
even (0,0) to the target, complete the mission, and return 
mS Che origin). 

(5) Fuel Feasibility Check. A check is made to 
EM he total mission time exceeds the time that the air- 
πμ, ۶ available on station. If the fuel constraint is 
"ο then the target is marked as unavailabie for this 
aircraft and another target is found for this mission. 

(6) Site Queue. Next the position of the 
On in the queue of the site handling the mission is 
Meeercvained. If the queue is presently empty the mission is 
assigned position number one in the queue. If the queue is 
Berzempty it must be determined where in the queue that the 
Sion will be placed. The mission can be inserted in the 
queue in front of a mission that is already in the queue if 
Ome new mission is scheduled to be executed before one of 
Ehe missions already in the queue. 

0 ١٥٦ predetermined time during which 
the site's PTR will be occupied handling a mission. This is 
mes time from when the PTR first acquires the aircraft, ITISR, 
Me time the aircraft drops its ordnance, ITTDP. It was 
ud in the design of the simulation that the event times 
of a mission which was already in the queue of a particular 
Poe Would not be altered. So if the time span during which 


mie TIR iS required for control of the new mission overlaps 
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EN sme span during which it is required for a mission 
ο -σααν in the queue the mission times for the new mission 
EU" be adjusted. 
ime time span for precision control of the 

new mission compared tO che time span for"precision 
meow OL the existing missions. If the new mission fits 
۰۰٠۰۰۰٦ OL Existing missions without interfering with the 
۳۰ Q execution of these missions then the new mission 
erted into the queue in front of those old missions. 
ΙΕ event times for the new mission are earlier than the 
MS imes of some of the previous missions but inserting 
E EY mission in the queue would interfere with an old 
MON then the event times of the new mission will be 
ШОШ е Па. An increment of time is added to all of the event 
times of the new mission. The new mission is moved backwards 
Kw until it no longer interferes with an existing 
Sion. Then the new mission can be inserted into the 
ШИГ Of the queue or onto theend of the queue as 
Bppropriate. If it is necessary to alter the event times of 
SES mission then another fuel feasibility check must be made. 
A fuel feasibility check is made as in (5) above. 

(7) Mission Queue. The fully constituted 
E von which consists of an aircraft, a target, a controlling 
SI Ly (site), and the event times ITTSR and ITTDP are 
Enserted in the mission matrix MISSON. All missions are 
placed in Poesia rei The location an the mission 


eve of a particular mission is determined by the value of 
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meer. Missions are ordered in the queue by increasing 
Mates of ITTDP; the mission with the smallest value of 
mer coming first. 
Ex ۶۲101 58 
ume following is a list of the variables used in the 


NoE ram and what they represent. 


SITES The number of TPQ sites that will be utilized in 
the Simulation 

AA Enê Mm mum range тог a TPQ site 

NMISS ٣۲۰6۰۲1101506۲۰٣ miss uons that have been constituted 
so far 

NAIRCF The number of aircraft which will be generated in 
cne simulation 

RTIME ας υπ νυν: aireraft reports In to the DASC 

0 000 A control variable 

MESS The number of missions 

NAMISS The number of missions which have not yet been 
ی۶‎ ٣۲٣ 

MISSC ОЕ ЕИ АО ИБ воп мала be run next, i.e. 16 
keeps track of the next mission's number 

CHECK A control variable which indicates whether or nc: 
there are any unassigned aircraft left 

NTGTGE ۶۰۰۰۰۰۶۰۰۱۰۰7۹ ٣۰٠ 2ت‎ 016 used lin the target generatio 
subprogram 

00,۷۲۱۳۲ [Moe number of targets that will be generated 
during the course of the simulation 

MCOUNT Control variable " 

NACTGT The number of active targets 

MIPQI Maximum range of the TPQ 

0۷۵ 5٠ ۲5ج 50167۴۲۰۱76 ۱ب‎ 1116168 one then the 
TPQ-10 is in use if its value is 2 then the 
TPQ-27 is in use 

TTA(4) The percentage of each of the four possible target 
eypes chats located in target region A 

TB (4) Same as above except target region B 

TGIM(2) First element gives the percentage of total targets 


11; {ΠΠ 016۸۹ and D. The second element 
gives the percentage in target region A given that 
م٠٠٠٠‎ ت٠ت‎ ۰٢ in tarset region A or D 
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ARAP(6) 


APRIOR(4) 


ITTA(4) 


ITTB(!) 
AR(7,2) 


EXGTIM(10,3) 


ESXSTYP(10,3) 


Х2(3) 
EZ(3) 
R(3) 


NTGS (3) 


EIMISS(7) 
ITEMTG(T) 


. (90) 


ho Пес у ерт lons which make up target 
2-۲۱۰۰۱۸۱٣٦۱٦1 0617" gives the percentage of 
О ШОО lares ión Targets that fall inside 
27۱۰۰4۰670117677" 1چ 6ط‎ 


The first element gives the percentage of A 
region targets that will be classified as 
07890 ۳۰ 6٣ہ‎  ج‎ The second element gives tne 
Το;  герч оп targets that will be 
οσοι aS ου πο Cy опе ог priority two. 
The third and fourth elements perform the 
“me υπ μπα ος target region D. 


Ges lie ор erent target types tor 
target region A 


Samcesesr above but for target region B 


Dre е A eo ordinates or *he location 
of the seven friendly bases of operations 


First element gives the number of targets that 
will be added to the Targets Reported List. 
ο Шш ес о element Paves Lhe time at which 
these targets become available for addition to 
quc pcusmHepopted LIST. The third element 
gives the total number of targets that will be 
on the list after these targets are added 


ΠΕ ος τους different aireraft type bomb 
۲۶۰٠٢٣٣٥٣٢۳ 1716-01300715. First element gives the 
aircraft type, second element the bomb weight, 
мри елеп pilves the nurber oi bombs 
Carried 


Gives the X co-ordinates of the ASRT sites 
Gives the Y co-ordinates of the ASRT sites 


Temporary storage for program-calculated 
οσους το site ranges 


First element gives the number of missions 
Prceently assigned to ASR] sive number one. 
second element provides the same information 
for site number two. The third element pro- 
vides the information for site number three 


Provides for temporary storage of information 
concerning a mission 


Provides temporary storage of information 
concerning a target 


An input user filled matrix which contains 
what percentage of the total number of air- 
craneal be ot any particular type 
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EUPGT(50,7) 


ENIR(50,7) 


MISSON(50,7) 


ENSITE(3,50,3) 


au c gm тес pertinent information on 
Benceracedstareers. First element is the 
target number, second element the time that 
τ᾽ reportea to the DASC, third 
element is the X co-ordinate, fourth element 
τ. Oo ordinate, filth element is the 
Perget type, sixth element is the priority 
Davie Giwenewbarees, and the seventh element 
1S the target status 


аста cthatzstores information on aircraft 
that are generated. First element is the time 
Marine ο τοι ис reports tin to tne DASCS 
second element is the number of mínutes that 
pncessPcPabuEwyll be available for, third 

ον πο IS ος οι πορατ, е, fourth element 
ιο οσους ΠΠ Carried, fifth element 15 

ас 6۳۰۰۰٦۰۰۹۷ ٠٦1ص‎ 6 carted. sixth elements 
ВАКа ПО bae seventha element 15 the 
саставе = speed in knots. 


ος ο that stores information concerning the 
ην missions. birsywelement is the 
"τς ΠΙΕΡ. second element 15 спе 0877661 
number, third element is the number of the 
ШЕЛ re that ds Controlling the mission, 
fourth element is the target type, firth 
element is the range from the target to the 

ο ος Gnd thewsixth 6761061707" з the ὑπερ 
the aircraft is scheduled to release its 
29۰16 


Stores the mission information for a 
particular ASRT site 
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